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Abstract 
Cinnamic acid is a phenolic acid. It has been reported, it has many physiological functions, including antioxidant, antimicrobial 
and anti-cancer activities. Because of these properties and its low toxicity, cinnamic acid is now widely used in the food and 
cosmetic industries. It is used as the raw material for the production preservatives and as an ingredient in skin protection agents. 
A series of 4-O-methylglucuronoxylan esters with different degree of substitution were prepared and studied. The esters were 
prepared by esterification of glucuronoxylan with the appropriate acid chloride, such as cinnamoyl chloride in different reaction 
time (0,5 or 2,5 h) at 50 °C with and without of catalyst dimethylaminopyridine (DMAP), the molar ratio 1:3. The degrees of 
substitution were 0.24, 0.37, 0.84 and 1.54. After preparation, the resulting esters were characterized by attenuated total 
reflectance (ATR), thermogravimetric analysis (TGA) and radical scavenging activity (RSA) method. It was found that these new 
cinnamoyl esters have antioxidant activity, and the antioxidant activity increases with increasing degree of substitution. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the organizing committee of MMS 2015.  
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1. Introduction 
Light sensitive polymers play an important role in number of specialized applications. For instance, the shape and 
the solubility of polymers may be changed by irradiation [1, 2]. Beside continuing research of synthetic photoactive 
polymers, the polymeranalogous modification of biopolymers with photoactive moieties is a promising path to design 
novel functional polymers with light controllable properties [3, 4]. In contrast to the enormous interest regarding 
photoresponsive polypeptides and proteins, only a few papers deal with the synthesis and characterisation of 
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photosensitive polysaccharide derivatives. The preparation and properties of cellulose derivatives containing 
photochromic moieties such as azobenzene, cinnamate, stilben, spiropyran, spironaphtoxyzine, triphenylcarbinol have 
been investigated during the last two decades [5–8]. Photochromic dextran derivatives are described in literature very 
scarcely. A two-phase system, which exhibits a reversible photoinduced phase separation, has been developed based on 
photochromic dextran synthesized of the hydroxyl groups of the biopolymer with the chromophore 6-nitrospiropyran 
[9]. Many cinnamic acid derivatives, especially those with the phenolic hydroxyl group, are well-known antioxidants 
and are supposed to have several health benefits due to their strong free radical scavenging properties. It is also well 
known that cinnamic acid has antimicrobial activity [10]. Derivatives of cinnamic acid such as octyl methoxycinnamate 
and 2-ethylhexyl-p-methoxycinnamate find use as organic UV filters in sunscreens and cosmetic formulations [11]. 
These cinnamates and the related esters formed by combining p-methoxy cinnamic acid or ferulic acid with long chain 
acylglycerides exhibit predominantly lipophilic characteristics. For certain applications it would be advantageous to 
have a UV filter with more hydrophilic character, e.g., to limit the penetration of a topical formulation into the skin 
[12]. The different types of methods published in the literature for the determinations of antioxidant activity involve 
electron spin resonance and chemiluminescence methods. These analytical methods measure the radicalscavenging 
activity of antioxidant against free radicals like the 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical, the superoxide anion 
radical, the hydroxyl radical, or the peroxyl radical [13, 14]. 
The present work describes the preparation of 4-O-methylglucuronoxylan esters with different degree of 
substitution by esterification of 4-O-methylglucuronoxylan with the appropriate acid chloride, such as cinnamoyl 
chloride. The structure of the 4-O-methylglucuronoxylan derivatives are studied by means of attenuated total 
reflectance (ATR), thermogravimetric analysis (TGA) and radical scavenging activity (RSA) method. 
2. Materials and methods 
2.1. Materials  
Water-insoluble 4-O-methylglucuronoxylan (LX), a by-product of viscose production from beech sulfite pulp, 
was a gift from Lenzing AG (Austria): Xyl = 92.5 % (of neutral sugars), 4-O-methylglucuronic acid (MeGUA) = 3.7 %, 
Mw ~ 5000 g.mol-1. Ethanol and cinnamoyl chloride were purchased from Merck Chemicals (Bratislava, Slovak 
Republic), while dimethylaminopyridine (DMAP), pyridine, dimethylsulfoxide (DMSO) and chloroform were obtained 
from Sigma-Aldrich Chemie (Steinheim, Germany). All the reagents used were obtained of analytical grade. 
2.2. Esterification 
Modification of 4-O-methylglucuronoxylans with various acyl chlorides, as described by [15] was applied in LX 
esterification. 0.5g of xylan LX was swollen and mixed in 50 cm
3
 of DMSO, for 24 h under continuous stirring at 
ambient temperature. The reaction started by the addition of 1 g of pyridine and 2.5 g of cinnamoyl chloride. The 
xylan-to-cinnamoyl chloride molar ratio was of 1:3. The reaction was performed at 50 °C for various reaction times 
(0.5 or 2.5h), with and without addition of DMAP as a catalyst (0.5 wt. %). The reaction products were precipitated 
into 200 cm
3
 of 95% ethanol, then filtered and purified by Soxhlet extraction with ethanol for 8 h and used to 
determine the degree of substitution (Table 1). 
2.3. ATR measurements 
The derivatives were characterized by ATR spectra obtained on a NICOLET Magna 750 spectrophotometer with 
a DTGS detector and OMNIC 3.2 software, with resolution of 4 cm-1. The band area of the ν(OH) vibrations were 
calculated from the region 3500 – 3423 cm-1. The degree of esterification (DS) of the polysaccharide derivatives was 
calculated according to the equation DS = DS max x (A0 – Ae) /A0, where A0 is the ν(OH) area of LX and Ae is the 
ν(OH) area of the esterified polysaccharide [16]. To control the DS, estimated by the ATR spectroscopy, the alkaline 
saponification was used to determine DS value. 
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2.4. Determination of the degree of substitution (DS) 
DS value was determined titrimetrically according to the method [17]. Xylan cinnamate (0.125 g) was treated 
with 6.25 ml of 75% ethanol, warmed at 50 °C and held at that temperature for 30 min, followed by the addition of 
5 ml of 0.5N NaOH. The flask was stoppered and allowed to stand for 72 h with occasional shaking. The excess 
NaOH was back-titrated against 0.5 N HCl, using phenolphthalein as indicator. A blank was simultaneously titrated 
with native xylán instead of the ester. DS was calculated as: 
% cinnamoyl = (ml(blank) – ml(sample)) . cHCl. 0.1666 . 100 / mv              (1) 
where mv is sample weight in grams (dry basis). 
DS = 133.3 . % cinnamoyl / 166.6 . 100 – (165.6 . % cinamoyl)              (2) 
where 133.3 is molecular weight of xylose unit; 166.6 is molecular weight of cinnamoyl group; 165.6 is molecular 
weight of cinnamoyl group – 1. 





Reaction time (h) 
DS obtained by Yield of 
product (g) Alkaline saponification Spectroscopy  
LX - - 0 0 - 
PS-1 1:3 0.5 0.24 0.22 0.542 
PS-2 1:3 2.5 0.37 0.34 0.424 
PS-3 1:3* 0.5 0.84 0.83 0.773 
PS-4 1:3* 2.5 1.54 1.51 0.752 
            
* 0.5 wt. % of DMAP as catalyst 
2.5. Thermal analysis 
Thermogravimetric analysis (TGA) was applied to study samples thermal stability. The instrument used was 
a Thermobalance Mettler Toledo TGA/SDTA 851e and the temperature was increased from 25 °C to 600 °C, at 
a heating rate of 10 °C.min-1, in nitrogen atmosphere. Triplicates of about 2 mg of the samples were run in each 
experiment, the data presented giving the average values of the temperature at which a 20% weight loss and 
standard deviations occur. 
2.6. Determination of solubility 
The solubility of the esterified xylan samples in chloroform, dimethylsulfoxide and deionised water was studied. 
50 mg of the sample was mixed with 5 mL of solvent under magnetic stirring for 24 h. Chloroform was kept at 
ambient temperature, while DMSO and water were heated to 50 °C. 
2.7. Evaluation of antioxidant activity 
2.7.1 Screening of radical-scavenging activity (RSA) of xylan cinnamates by DPPH staining 
An aliquot part of each sample of the xylan cinnamate was added onto 1 ml of distilled water with concentrations in 
range 0.003 – 0.336 mg.ml−1. Consequently, 1 ml (concentration 0.08 mg.ml−1) of fresh prepared solution of DPPH 
in methanol was added. After to lapse (1 h) at room temperature, the absorbance of tested solutions was measured at 
517 nm. The values were compared with blank experiment with DPPH. RSA was calculated as:  
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RSA% = [A0 − (Atest − A1) /(A0 − Aref)] × 100                (3) 
where A0 is absorbance of DPPH solution, Atest is absorbance of DPPH solution with sample after 1 h, A1 is 
absorbance of sample in 50% solution of methanol, Aref is absorbance of DPPH solution with 1 ml of gallic acid 
(0.026 g.ml-1 in water) after 1 h. RSA was evaluated by plot as EC50 function of weight ratio of samples (mg) 
and DPPH (mg). From plot, EC50 value was derived, i.e. amount of sample needs on modification initial 
concentration of DPPH for 50 %. 
3. Results and discussion 
3.1. Xylan cinnamate synthesis and DS of xylan cinnamate 
Esterification of 4-O-methylglucuronoxylan LX was performed, as described by [15] with dodecanoyl (lauroyl) 
chloride at a BGX:LaCOCl molar ratio of 1:3 and a reaction temperature of 70 °C, using the DMF without and with 
DMAP as catalyst. The solubilisation of the swollen xylan LX in DMSO activates the exposed hydroxyl groups to 
attack electrophilic reagents. DMAP is nucleophylic acylation catalyst. The reaction time was varied to obtain        
4-O-methylglucuronoxylan esters with a large DS range. The DS a xylan derivative is defined as the number of 
hydroxyl (OH) groups substituted per xylopyranosyl structural unit of the xylan polymer. Since each xylose unit 
possesses two reactive hydroxyl groups, the maximum possible DS value is 2. The DS varies with the type of xylan, 
stoichiometric amounts, reaction time and presence of catalyst. DS value was determined alkaline saponification 
according to the method [17]. From Table 1 we can see, that the DS the xylan cinnamates increased with higher 
reaction time from 0.5 h to 2.5 h. The catalyst DMAP affected value of DS at same reaction time, too. The effect of the 
reaction time and using of catalyst (DMAP) on DS were determined by ATR spectroscopy, as illustrated in Fig. 1. 
 
Fig. 1. ATR spectra of native glucuronoxylan LX and xylan cinnamates with different degree of substitution. 
3.2. ATR 
In 4-O-methylglucuronoxylam LX, the region of the spectrum consist of three characteristic peaks between 972 
and 1165 cm-1, attributed to the C-O bond stretching (Fig. 1). A broad band occurs at 3300 cm-1, due to the 
hydrogen-bonded hydroxyl groups that contribute to the complex vibrational stretches associated with free inter and 
intra-molecular bound hydroxyl groups which make up the gross structure of xylan. The broad absorption band at 
3400 – 3300 cm-1 (νOH) of the starting LX decreases due to the substitution of the OH groups by the ester function 
which shows characteristic bands at 2924 and 2881 cm-1 (νCH2) and 1722 cm-1 (νC=O ester). The intensity of the 
carbonyl group peak at 1722 cm-1 also increased with increase in DS. Xylan cinnamate with highest DS (1.54) was 
prepared with reaction time 2.5 h, molar ratio 1:3 at 50 °C with DMAP as catalyst. Diminution of the band area of 
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the ν(OH) vibration was used to estimate the DS [16]. Starting from the substitution degree of the initial LX by 
uronic acid units (DSU=0.08), the maximum attainable degree of esterification (DSmax) of the xylopyranosyl residues 
is of 1.92. The DS values of the derivatives, calculated as described in the experimental section, ranged between 
0.22 and 1.51 (Table 1). The extent of esterification was controlled, as well, by alkaline saponification of some samples. 
3.3. Solubility 
The introduction of cinnamoyl groups into the xylan might alter the solubility profile of xylan, which depends on 
the extent of esterification, nature of the group substituted, temperature and solvent employed. The solubility of LX and 
of its cinnamoyl ester derivatives were investigated in solvents with different polarities, such as chloroform, DMSO 
and deionised water. Cinnamoyl ester with DS = 0.24 is partially soluble in hot water. The fully esterified LX is 
soluble in nonpolar solvents such as chloroform. All samples could be dissolved in the polar aprotic solvent DMSO. 
3.4. DPPH radical-scavenging activity 
DPPH is a stable free radical and accept an electron or hydrogen radical to become a stable diamagnetic molecule 
(Fig. 2). The odd electron in the DPPH free radical gives a strong absorption maximum at 517 nm and is purple in 
color. The colors turns from purple to yellow as the molar absorptivity of the radical at 517 nm reduces from 9660 to 
1640 when the odd electron of DPPH radical becomes paired with a hydrogen from a free radical scavenging 










Fig. 2. Principles of radical-scavenging by DPPH. 
 
Fig. 3. Antioxidant activity of pure xylan LX and its cinnamates with different DS. 
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RSA was evaluated from plot, as fall of absorbance of DPPH radical in respect of tested samples. For 
interpretation is used effective concentration (EC 50), which is defined as mg of sample on mg DPPH radical, i.e. 
amount of sample needed to fall of initial concentration of DPPH about 50 %. In the Fig. 3 is antioxidant activity of 
pure LX and its cinnamates. We can see, that derivatives PS-3 and PS-4 are active in comparison to standard (xylan 
LX). Derivative PS-4 exhibit highest value of antioxidant activity, namely 90 %. The xylan cinnamates PS-3 exhibit 
75 % antioxidant activity and derivatives PS-1, PS-2 only 50 %. Both, derivatives PS-3 and PS-4 are effective 
antioxidant than xylan LX. This shows that, cinnamates prepared by esterification of cinnamoyl chloride with 
presence of catalyst DMAP have higher amount of joined cinnamoyl groups on xylopyranose. Cinnamates PS-1 and 
PS-2 prepared without catalyst DMAP with lower DS exhibit lower values of antioxidant activity.    
3.5. Thermogravimetric analyses  
The thermogravimetric spectra were used to determine the weight loss of the material on rating. The TGA and 
DTG curves for native xylan and xylan cinnamates are shown in Figs. 4 and 5. The xylan showed a two stage weight 
loss, the first minor one corresponding to the loss of water around 60 – 100 °C and the second at 280 – 300 °C 
corresponding its decomposition. Water is the main product of decomposition at temperatures below 300 °C, i.e. 
water formed by intermolecular and intramolecular condensation of the xylan hydroxyls. In the case of xylan 
cinnamates, the temperature ranged from 260 to 320 for esters with different DS. The DTG curve for native xylan 
showed two peak, the first one corresponding to the loss of water at around 60 – 100 °C, the second at 300 °C is its 
decomposition. Similar process of DTG curve had ester with lower DS. The DTG curves for other cinnamates with 
higher DS showed three peaks. The first one corresponding to the loss of water at 65 °C, the second at 200 – 280 °C 
corresponding to the cinnamoyl chloride decomposition and last peak at higher temperature about 280 – 340 °C is 
decomposition of polysaccharide. With increase in DS there was a shifting of peak maximum toward higher 
temperatures. The xylan cinnamates were found thermally stable. Since the main decomposition mechanism of 
xylan is the dehydratation reaction between xylan hydroxyls, the lower the number of hydroxyl groups remaining, 
the better is the thermal stability of the xylan esters [15]. 
 
Fig. 4. TGA thermogram of native xylan LX, cinnamoyl chloride and xylan cinnamates with different DS. 
334   Petra Skalková and Katarína Csomorová /  Procedia Engineering  136 ( 2016 )  328 – 335 
 
Fig. 5. DTG curves of native xylan, cinnamoyl chloride and xylan cinnamates with different DS.  
4. Conclusions 
Xylan cinnamates, with different degree of substitution were prepared by reaction of xylan with cinnamoyl 
chloride in organic solvent. The DS values of xylan cinamate could be controlled by the addition of stoichiometric 
quantities of the acid chloride. Glucuronoxylan esters with DS values between from 0.24 to 1.54 were prepared by 
the reaction of LX with cinnamoyl chloride, at a constant molar ratio of 1:3 and constant temperature in DMSO, 
with and without DMAP as catalyst. The derivative with DS = 0.24, obtained after 0.5 h reaction time without 
DMAP is soluble in hot water. Application of DMAP yielded water-insoluble derivatives that are nevertheless 
soluble in DMSO. Higher substituted derivative (DS = 1.54) became soluble in CHCl3. The thermal properties of the 
cinnamoyl esters of LX are DS-dependent. The results of the TGA thermograms reveals that higher substituted 
cinnamoyl LX derivatives, showing improved thermal stability. Investigation of cinnamoyl chloride of cinnamic 
acid, in the form of xylan cinnamates, led to finding that there is free radical-scavenging activity. 
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